Analysis of the catabolism of aggrecan in cartilage explants by quantitation of peptides from the three globular domains.
A method has been developed for the production, isolation, and quantitation of 15 marker peptides from the three globular domains (G1, G2, and G3) and the interglobular domain of bovine aggrecan (aggregating cartilage proteoglycan). Three of the peptides are from G1, two are from the interglobular domain, four are from G2, and six are from G3. The method involves separation of tryptic peptides by sequential anion-exchange, cation-exchange, and reversed-phase high performance liquid chromatography and quantitation by absorbance at 220 nm. The values obtained (peak area per microgram of core protein) were a function of the molar yield and also the size and aromatic residue content of individual peptides. This procedure has been applied to aggrecan purified from fresh calf articular cartilage and to aggrecan isolated from the medium and tissue compartments of cartilage explant cultures, maintained in basal medium for 15 days without and with interleukin-1 alpha. These analyses indicate that aggrecan which is released into explant medium has a reduced content of the G1 domain, but has a normal content of the G2 domain, the COOH-terminal region of the interglobular domain, and also the G3 domain. On the other hand, aggrecan which is retained by the cartilage during 15 days of culture has a normal content of G1, interglobular domain, and G2 domains, but, in the presence of interleukin-1 alpha, it has a reduced content of the G3 domain. The percentage of medium molecules which retained the G1 domain was higher in control cultures (about 35%) than in interleukin cultures (about 20%), and this was consistent with the relative aggregability of these samples. Taken together these results suggest that catabolism of aggrecan in articular cartilage involves a specific proteolysis of the core protein at a site which is within the interglobular domain and NH2-terminal to the sequence LPGG. This process occurs in control cultures but is accelerated by the addition of interleukin-1 alpha. Degraded molecules which lack the G1 domain are released preferentially into the medium; however, these molecules carry both the G2 and G3 domains, indicating that these domains do not confer strong matrix binding properties on aggrecan. The method described here for the isolation of peptides from bovine aggrecan should have wide application to structural and biosynthetic studies on this molecule in species such as human and rat, since many of the marker peptides are from highly conserved regions of the aggrecan core protein.